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BEHAVIOR OF WAIT-T1ME DURING AN
INQUIRY SCIENCE LESSON

by
Thaddeus W, Fowler
University of Cincinnati

Synopsis

This study was designed to investigate the nom-verbal

teachef behavior of wait-time used during an inqu}ééﬁscience
lesson. Wait-time is the silence in a,converégiigig?ollowing.
d’teaéh9r or student utterance. The, investigation wal.de—
signed to allow the inve;tigator to attempt in a small géoup
setting to (1) document some of the behavioral and co?nitive
effects of wait-time, (2) delineate whatever interrelatic -
ships might exist between the various types of wait-time,
5hd.(3) establish a relationship!between wait-time and teacher
attitudes toward pupil control. Specific forms of wait-time
we;e défined as follows: (1) Teacher Reaction Wait-Time
(TRWT) --silence after a student utterance and before a teacher
utterance, (2) Student Reaction Wait-Time (SRWT)--silence
after a teacher utterance énd before a student utterance,
(3) Teacher Initiated wait-Time (TIWT)--silence between student
utterances, (4) Student Initiated Wait-Time (SIWT)--silence
between teacher utterances.

As wait-time is increascd, the number of student-to-~
student interactions increases, students spontaneously ini-

\
tiate a greater number of statemcnts, make fewer inferences,
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and interrupt the previous speaker loas frequently.  Not
only are the gross percentages of each of these variables
different, but, as a muitivariate-test of difference between
the egtablished wait and No-wait groups indicates, each
variable, when adjusted for its interdependency upon the
other variables, is an effect,

‘The factor analysis of Six wait-time variables plus
total interruptions allowed the indentification of two factors;
"Student Control;ed Silence," was the factor contributed to

. . N
by the variables of duration of SRWT after teacher questions,
SRWT after teecher utterances other than questions, and
incidence of SIWT (the absence of Q‘reply to a teacher ques-
tion). “Teacher Controlled Silence, " was the factet contrlb—
uted to by tbe variables of duration of TIWT, duration of
SIWT, incidence of TIWT (student initiated statements), and
interruptions. The teacher seems to be reppon31ble for the
control of the duratlon or incidence of each of these variables
in this second factor especially relative to the apparent
origin of control for the other factor. The}i&entiﬁication
of these two factors, catagorizing the various wait-time
variables, lends support to the decisien te attribute control

in the naming of each of the types of wait-time.



The estimated factor scores over each of the two
groups, Wait and No-wait, for each oi the control-of-silence
‘factors identified were correlatcd with the different forms
of TRWT for the Wait and No-wait groups. A correlation was
found between the "Teacher Controlled Silence" factor and
TRWT-sgbstantive for the No-wait qroun. A similar correla-
tion, which did not quite reach th!icritgrion level of sig-

nificance, was found for the Wait ~romn.

Bavkground

i

Studies of silence in conversatinns have béen made
within the conéext of therapeutic ccunseling interviews and,
also, within science classrooms. _13eSe ‘two situations may
seem too diverse to allow a compari;cn of techniques or
results. However, both are heiping situations, both depend
heavily on open communicat®on, and both require the trust of
the person being helped. The bigaest difference may be the
degree to which the client can help himsclf., Both the coun-
seling and classroom studies seem to bear on teacher behavior.
" Those two areas of study would lead one to expect several out-

comes Of increased wait-time that are influential to the

learning process.

Products of wait-time
It might be supposed that if students and teacher

have more silence in which to think during a discussion

J
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there wo;ld be a greater continuity to the discussion.
There may be less tendency for membersvof the group to
go off on undesirable tangents or to unwittingly elabo;ate
on incorrect contributions of other group members. Moriber
(1971) argueé in his study that student answers tended to
be more often incorrect when short wait-times were employed.
Instructors using short wait-timesftended to quickly re-
structurévquestions in the absence of a student reply,
student initiated wait-time (SIWT). These restructured
questions served only to confuse the students. Rowe (1973,
pP. 259) suggests that when longer wait-times are used,
students make better connections between evidence and
inferences. Within the studies of wait-time in counseling
iﬁE;rviews,the level of congruence between interviewer's
remarks and client's own beliefs is directly related to
conversati;nal silence in the interview (Matarazzo and Wiens
1972). The degree to whfch conversants can stay on the
subject and only graduaily‘shift their discussion of one
topic to the discussion of another topic has been measured
by employing Anderson's mean fundamental coefficient of
commonality (Anderson 1971, p. 13). This coefficient is a
quantity representing the occurrence of‘linking words

(words in common) between successive statements uttered by

speakers in a conversation, discussion, or presentation.

¢
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The amount of commonality in verbal interaction is proportional

. to the occurence of linking words between successive state-
ments in a discourse sequence (Anderson 1970; Anderson 1972).

There are other products of wait-time which might be
e*pected. Rowe (1973, p. 258) has found that student self-
confidence increases by increasing the length of silcnce
between a teacher statement and a student statem;nt, student -
reaction wait-time (SRWT), and by increasing TRWT. Also,
"slo&" students make more contributions, students ask more
questions, and "speculative thinking" increases. Gariq};ano
(1972) found that increased SRWT led to fewer spontaneous
studept initiated utterances. This type of utterance would
usually occur whenever there is a series of student state-
ments., Each ;tatement would be separated by an interval of
silence, teacﬁer initiated wait-time (TIWT). The incidence
of TIWT would indicate the incidence of spontaneous student
initiﬁted utterances. Hence, Garigliano found SRWT to be
inversely related to TIWT. He found greater incidence of
students answering teachers with "I don't. know" responses with
increased SRWT. If increased wait-time does indeed give
students more time to thihk or to build up self-confidence,
then a more nearly equal distribution of participation by
the student members of a small group might bhe expected.

More student-to-student interactions might be expected in

groups where teachers use longer wait-time. Long wait-time

.
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" groups would be expected to verbdlize a greater number of
inferences and suggestions for testing inferences. More

questions would be expected from longer wait-time groups.

'

The process of wait-time

Teachers have begn urged for.many years to pause
before calling upon a student to respond to a teacher question
(SRWT). However, uniéss/some styong set of‘classroom rules
are rather strictly enforced, the teacher has né Airect
control over when a student spgaks, particularly %n small
group activities and discuééion‘grou;s. Iﬁ fact,*gﬁe-présence
of this sort of rule would tend to defeat the purpose of
having students work in small ‘groups, i.e., student-to-student
interaction and spontaneous expression of ideas.

One might expect that if a teacher slows the pac7.
by ;ncreasing TRWT, the students may respond by increasing
SRWT. In fact, each of the different types of wait-time-
may be interrelated. Matarazzo and Wiens (1972, p. 107)
report a positive correlation between cach partncr's redctioﬁ
wait-times in conversations., They also report’that as one
decrease; his reaction wait-time, their conversational
partner will tend to more often interrupt‘and visa versa
(Matarazzo and wiensel972, pP. 123). It is expected that a
similar relation between TRWT and SRWT may cxist in the

classroom.

-
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As teachers wait longer after 2 student response,

the chances of that student or another student making an

"additional utterance, a student initiated utterance, would

_be increased. This would mean thét TRWT would be related

to the incidence of TIWT. 1If students become accustomed

to waiting longer after a teacher utterance before repleiug,
then che teacher might be expected to take longer to rephrasc
a question or statement in the absence of a student reply.
Hence, TRWT would be rclated to SiWT. When téaéhers do

wait longer\after posing a questicn or making a statcment,
then the chancq;rof a student repl 2y b 1nc-eased. 'Stﬁted
another way, TRWT is "nversely relateca to Lhe incid nere of
SIWT. Firally, in orde. for one siudcn. nttur;ncc te, Le
followed by z.aother étu,ent utterance, ;he time interval
between student utterances, TIWT, must be competitive wich
TRWT. 1In order tn bring about an incrcine in'the incidenc:
oé TIWT, the duration of TIWT must not bc greater than the

duration of TRWT.

A presaje variable and wait-timc
The influence of the power of the teacher to con-
trol the behavior of the pupils becomes obvious as one

watches a teacher lead a group discussion. The attitude of
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a teacher toward éower may be related to his speech

patterns. One of the factors which can be used to predict
which person will emerge as a leader in a group is the amount
of talking he does. (Hare 1962, p. 292; Cartwright and
Zander 1953, p. 536; Carter, et al in Cartwright and Zander
1953, p. 558; Schmuck and Schmuck 1971, p. 37). Those who
emerge as leaders of groups have been -found to be articulate

and perhaps even verbose. Teachers might be expected to

-follow this same pattern.

A teacher interested in maintaining power and con-
trol might be expected to try to talk more. 1In order to
establish volubiliﬁy, a teacher, or anyone, migl.t be expected
to get the edge on a conversation or discussion by decreasing
the length ‘of silence between ggstudent and a teacher state-
ment, teacher reaction wait-time (TRWT): the previous speaker
might even be in£errupted. 5 person's attitude toward main-
taining power and control can be measvred with the Pupil
Control Ideolog& Form.

The Pupil Control Ideology (PCI) Form measures the
degree which.a teachers believes students shoﬁld be controlled.
(Willower, Eidell End Hoy 1973). Teachers who beli;ve in a

relatively large amount of control are called “custodial "

and would typically receive relatively high scores on the

S
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Pupil Control Ideology Form. These teachers view‘ihe school
as an autocratic organization where both power and communi~;
cation flow downward to the students. 1In contrast, teachers

who believe in a‘'relatively small amount of control are
e .

called "humanistic" and typically receive relatively low
scores on the PCI Form. These teachers wvalue demogratic
classroom climate with its open channels of;thfway comuni -

cation and increased pupil self-determination. If volubility,

hence wait-time, and power aspirations are related, a negative
{

correlation between teaTher score on the PCI Form and TRWT

|, .
would be expected. It might, also, be expected that teachers
who score low on the PCI' Form would be more easily trained

: \
in the use of wait-time. N

i
I
f
|
{
i

Hypotheses
Hffotheses concerning the products of wait-time
*h 17 Tﬁé use oggincreased TRWT will in;rease the
amount of student-to-student interaction.
*hk 2. 'The use of increased TRWT will increase the
incidence of inferences made by students.
* 3. . The use of increased TRWT will increaée the
incidence of suggéstions for testing infer-
ences made by students.

* 4. The use of increasad TRWT will increase the

incidence of student questions.

| !
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The use of increased TRWT will tend to equal-
ize the v rbal involvement of each of the

/
students.

The use of increascd TRWE will.incrrose Ander-

son's fundamental cocfficicnt of commonality.

Hypotheses concerning the process of wait-time

* 1;
* % 2.

* 3.
** 4,
*h 5.
*h ﬁ‘
N
Hypothesis

*

1,

The use of increased TRWT will decrease the
. \,

incidence of SIWT.
The use of increased TRWT will increase the
length, of SIWT.

A

The use :0f increased TRWT will increase the
length of SRWT. . d

The use of incrcased TRWT will increase the
length of TIWT.

fhe use of increased TRWT will increase the

difference, TRWT-TIWT.

The use of increased TRWT‘will increase the

\. incidence of TIWT (increase the incidence of

N
student initiated statements;\

concerning a presage variable and wait-time
The length of TRWT used by more "humanistic”

-
teachers, as defined by the Pupil Control

Ideoloay Form, is longer than TRWT used by

less "humanistic" tcachers. (To be tested for

-

- -
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typical teacher wait-times before wait-time

training takes place).
!

Procedures -
Investigation of a presage variable and wait-time
During the fir;t three week, field expefiencg in
" the elementary school level science me' . . u¥ae at the
. University of Hoﬁs;on, the possible relationship between
pupil contror’{aeoloéy aﬁd the ﬁ#tural use of‘wait~time
g by teache£s was investiga&ed. All éf the 51 pre-service
teachers enrolled in the science methods course who had
chosen éo teach-in any of the grades three, foﬁf, five;
or six were administerec tte Pupil Céntrol Ideology»?ér&
at the clecse of the‘first 0of two field experiences. Also
during the first field experience, the TRﬁTs used by each
teache: were measured by.timing with a stopwatch the appro-
priate silences in his or her lesson which had been recorded
on videotaie. The Elementary Sciencé Study'lesson, Mystery
Powders (19-7), was taught to small groups of students with
each pre-service teacher instructing a group of three to
five students. These students were enrolled in grades three
through six in a low income area, inner city sciiool. The

~

" advantage of using data collected 'in this situation is that

* not supported; *¥* suppofted: *** gignificant decrease found
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it is generalizable to many other schools. Only when this

o | N
initial pﬁEEE’of the investigation was completed, were the

teachers sclec;ed a?d trained for the investig&tipn of the
~rodu~ts and process of wait-time.

The selection and training of teachers oécured during
the second field experience of the science methods course.
Both of the methods course instructors were asked to, cooﬁera—//
tively, identify“those teachers who (1) apééared to be more s
éoncéréed with the well beiny. of the étﬁden;s*rather th;n.
.with their own per;ohal neFds, (2) successfully sustained an
inquiry type science lesson, and (3) seemed genuinely inter-
ested in impréving their own teaching skills. These rather
subjective criteria were used to select the teachers in order
to not disruypt the usual training procedures by administering
more objective inventories.

The training program useé to train teacheré in the
use of different lengths of wait—éime consisted of initially
providing the teachers with the definition of TRWT, practice
to become accustomed to éurations\of one-half and three-
seconds of wait-time, practice using specific lengths of
wait-time in a classroom/situation, and discussion of the

. _.-problems of waiting in éilence. Since the investigator
was involved .in the wait-time training, it was decided to

-7 —

v train teachers to use both short and long wait-times and to

-
pe s
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randomly assign the “e2cher to the No-wait and Wait groups
just prﬂor tc when the instruction of the students was té
begin. A quther advantage of this procedure was that none

z
of the teachers would feel that they were “"special” or were

being relegafed to a coﬁtroliéroup.

To become accustomed to durations of one-half and’
three ‘seconds of wait=time, each teacher r¢ad the part of
a teacher from a scriet of a teacher-student discussion.
Another teacher read the-parts of the students. During the
reading, the in?estigator timed the Téwm used and gave
feedback to thé teéachers. Also, the teachers were. able to «
time their wait—times'airéctiy by watching a l%rge laboratery-
type timer. All of the teachers read the part of the teacher
in the séript using one-half and three secohds of wait-time.

) The teachers were next asked to practice using one-
half or three seconds of wait-time at dlffefent times while
instructing elementary students in an inquiry science lesson.
The laboratory timer was again in view. Since each teacher
‘alternativelv taught along with a partner, the parfner was
able to signal the teacher when the proper amount of wait-
time was being used. Many of the teachers reported difficulty
in waiting for three full seconds particulsrly whén students

asked simple, nonsubstantive questions such as, "What is vour

name?". In discussions with the teachers the investigator

-

o~ -
o
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suggasted waiting three full seconds only after substantive

student utterances; utterances which dealt-with the concepts

_being taught. Additionally, each teacher was given four

small plgstic cubes. These cubes were to be held in one
hand, and when a student finished an utterance, thc teacher
was to pass a cubévto his other hand and then the other
three cubes were to follow at the rate of one per second.
Only after all of .the.vubés had heen traﬁsferrea;;was the
teacher to reply to the student. In the actual study, the
teachers who were to use short wait-times were, af course,
given only one cube ﬁnd were expected to reply as soon as
the cube was transferred. )

During the part of the study when data were collected,
the students who were instructed were enrolled in the sixth
and seventh grades in an inner-city junior high scho;l.

Twenty groups of four students each were instructed early in
the school day, in the school cafeteria. All groups were
taught the same lesson, an adaptation of the Elementary
Science Study lesson, Mystery Powders (1967).
\ !

An introductory lesson was taught to the students

{
on the day preceding the day data were collecteqi This was

done in order to acclimate the students to the doom, test

the tape recorders used to tape record the lesgons, and
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attempt to provide an equal background for each of the
student groups. The introductory lesson, taught by the
investigator, required each group of students to make ob-
servations of each of the powders. Each student recorded
his obser§ations iﬁ a blank tgble catagorizing suggested
obgervations. Very brief instructions were given to the
students, wherein théy were told to record their observa-
tions in the blank table. Each group worked at his task
independently, without the need for discussion with the
instructor.

on the following day, the sample. of .20 teachers was
randomly assigned to the Wait and No-wait groups And, also,
randomly assigned to each of the student groups. The les~
so;. dealing with the identification of the powders in

three different mixtures, Qas taught. Each group was again

supplied with identical materials and the conditiéns of
the first day of instruction were maintained. The lesson
proceeded for thirty minutes and was tape recorded.

Typed transcrips were made of each of the group
intqractiOns. Each transcrip began with the first sub-

|

stantive student comment after the teacher gave directions

and ended 10.00 minutes later. Higﬁ’fidelity audio equip-
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ment was used to recover as much of the conversations as
possible, Higher frequency sounds, which were inadver- \
tantly recorded from other parts of the room, were
selectively filtered out. Two tape recorders malfunc-
tioned, leaving eighteen tapes to be ahalyzed. . The
various wait-times were measured with a étopwatch and;
the type of student utterance (Question, inference,
\{?terruption. etc:) was.fécorded along the margin of the
transcript.a In order to ‘calculate Anderson's m;an
\fundamental coefficient of commonality, the pertinent
;éybal elements in each discourse unit were underlined.

The first 50 utterances were used to complite the mean /

coefficient of commonalityQ

Results

A presage variable

The hypoﬁhesized‘relationship betweenﬁpupil control
ideology and wait—ﬁime was investigated during the first
phase of the investigation by administering the PCI Form
to 51 pre-service teachers before they received wait-time
training. The mean score for the group was 43.6, somewhat
lower than the reported mean score of about 58 obtéined by
practicing teachers (see Table 1). PCI Form scores were

correlated with the duration of TRWT used by each of the
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teachers in the sample. Kendall's T wasxbompuigd for the
o;dinal data yielding a value of 0.05. ,Kendall's T was also
computed for the Wait and No-wait groups giving values of 0.38
and -0.14 respectively. The hypothesis suggesting ai indirect
relationship between PCI Form score and TRWT could not be

supported at a level of significance of 0.05.

Products of wait-time

The hypothesized pr9duqts of increasgd'wait-tiﬁé of:
increased incidence of student-to-student interactions, student
questions, student inferences, studgnt suggestions for testing
sinferencgs. and student inigiated statements were investigated.

Each of the 1491 student utterances in the Wait group and the

1330 student utterances in the No-wait group were considered
to be, replicates of the experiment. Each of the utterances was
rated dicotomously for each of the product variables. The
means gor each of the variables for Ehe Wait and Nzgwait groups
indica;e the proportion of student utterances which have that
variable present; The percentége of student utterances (See
Tgble 2) for each of the product variables shows, in general,

tﬁat students in the wai% group made 18% fewer inferences, made

abéut the same number of suggestions for testing inferences,

\

A
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TABLE 2

Percentage of the student responses occurring
in each of the wait-time product variable
catagories for the Wait and No-wait groups

Wait No-wait
) n=9 ' n=9_
standard standard
mean deviation mean deviation
Student~-to-student -
interactions 75% 43 53 50
Student inferences 18 38 220 42
Student suggestions to
test inferences 3 17 2 13
_ Student questions 14 35 \'“'12: 32
Student initiated
statements '
(TIWT incidence) 82 38 64 48
Student replies to f
teacher directives 14 - 35 ° 21 41
Student interruptions 12 32 22 42
i
[N
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asked abéut the same number of questions, initiated 28% more
statements, and verbally interacted with other students 41%
more frequently than the students in the No-wait group. _The
tape recordings revealed what seemed to be an obviously smaller
frequency (45% less) of interruptions by students;in the wait
group, hence the inclusion of interruptions in the analysis

of the data. There also seemed to be a tendency for students
in the Wait group to less frequently (33% less) make statements
in response to teacher directives. Therefore.‘the variables
of student replies to teacher Aireétives was-: included in the
invescigat}on.

Frequently, a single atterance fell into more than one
of the variable clagsifications. Tha high percentage of student~
to-student interactions and student initiated statements sug-
gested tnat these variableé were not %pdependent of each of
the other variables. 1In order to test the research hypotheses
while taking into account a probakle lack of independence
between the variables a test of diffe?ence between the Wait an§
No-wait gréups on the basis of the seven product variables,
taken simulfaneously, was performed.

A stepwise discrimingnt analysis-program,'pMDO?M, from ~

the Health Sciences Computing Facility, UCLA, was used to com-

L
At o



pute sixth order residual variables for each of the seven
wait-time product variables. Hence, each product variable
was adjusted for its linear relation with the other six
product variables to produce seven independent, although
"abstract” variables. These residua; variables are called
"abstract" since the originally encoded variableé were éb-
served within the context of all the other variables. " As the
linear relationship of each of the éther variables was taken
into account in order to prpduce the residual variable, the
context and, therefore, the meaninq of the variable term
changed. However, each residual varidble can be supposed to
be‘;elated to the original, observed variable. o
Each of the hypotheses concerning the products of in-
creased wait-time was tested at a level of significance of 0.05
by considering each of the hypotheses in the null form., A
one-sided test critefion in conjunction with the alternative
(research) hypotheses was used to compare each of the residual
variable t-ratios with the critical value of t with ten degrees
of freedom. Even though each student utterance was initially
con;idered to be a replidate of the experiement in order to
produce the residual variables, the tests of the hypotheses
were made with a more conservative number of éegrees of freedom.

The number of degrees of freedom used corresponds to the number

-
-
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of teacher-student groups minus two, minus one degree of
freedom lost in each step taken to produce the sixth order
residual variables. Thg hypothe;es indicating increased in-
cidence of student-to-student interactions and incidence of
student initiated statements with increased TRWT were supﬁorted.
The hypotheses indicating increased incidence of student
questions, inferences, and suggestions for testing inferences
were not supported. Howeger, it was found that there was a
decreased incidence of student inferences at a level of sig-
nificance of 0.05. Also, the incidence of student statement§
which were replies to teacher directives and the incidence of
student interruptions wére found to be greater in the No-wait
group at a level of significance of 0.05. (see Table 3).

. The hypothesis suggesting more equal verbal involvement
of each of the students was tested with the median test. The
null hypothesis testéd was that the distribution of the per-
centage of utterances made by each of the students over the
teacher-gtudent groups was ident%@al in both Wait and No-waie
groups. Table 4 shows the’mean/bercentage of total student
utterances made by gach studegé.Qhen ranked from most t} least
talkative. The hypothesis of more equal involvement was ndl

supported at a level of significance of 0.05.




TABLE 3

Sixth order residual variables for
the Wait and No-wait groups

Variable Wait ‘ No-wait

n=9 - - n=% t
1.2’3’4’5'5’7 a* ) o .ﬂp**.' ‘M . 7780***
2-1,3,4,5,2,7 b a 2.34¥**
3-1,2,4,5,6,7 a b 1.40
4:1,2,3,5,6,7 . .., .. .3 b 1.71
5-]..,2,3,4,6,“7 0 a b 6.95%*#
6-1,2,3,4,5,7 . a b 4.47%%+
7-1,2,3,4,5,6 b a 7.21%%%

- * a is the greater mean residual variable
#%* ) is the lesser mean residual variable
*** p < ,05, directional test is significant

-

Key: 1 incidence of student-to-student interaction

2 incidence of student inferences

!

3 incidence of student suggestions to test inferences

' 4 ' incidence of student questions '
5 4incidence of student initiated statements
— ” 6 incidence of student replies to teacher directives

7 incidence of student interruptions

{
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TABLE 4
Mean percentage of total student utterances

made by each student ranked from most to
least talkative.

Wait No-wait
n=9 n=
mean range mean range
Sﬁﬁggnt 1 35.08 12.6 35.9 12.3
Student 2 27.6 2.8 26.7 5.8
Student 3 22.0 10.1 21.7 10.7
Student 4 15.4 10.7 15.7 16.2

TABLE 5

Percentage of the student responses occurring
in each of the wait-time product variable
catagories for the Wait and No-wait groups.

Wait . No-wait
n=9 n=9
mean range mean range

- Anderson's mean
coefficient of
commonality .15 .09 .18 .16




The hypothesis suggesting an increase in the value
of inderson's meah fundamental coefficient of commonality was
tested with the median test. Table 5 shows the means of the
coeffigiedt obtained for both the Wait and No-wait groups.

The hypothesis that these indices are different was not

sdggbfted using\a oéne-sided test criterion at a level oZf
significance of 0.05.

The unexpected result of greater incidence of infer-
ences made by studentsg in the Nowait group may have a simple
explanation. ' One of t;e principle objectives of the lesson
used was to have students make and test inferences. The
students seemed to quickly understand what the objectives were,
Inferences, then, may have been made {or the purpose of pleasing
the teacher and gaining rewards from the teacher.

" The students achieved the objectives of testing their
inferences mostly by independently trying out their ideas,
often without completely Qerbalizing their thought processes.
Hence, tests of inferences were made quite épontaneously by
interacting with the materials provided rather than verbalizing
’about what tests to try. It was true that individual students
debated their findings with the rest of the group, but usually

these differences of opinion were solved by a practical ex-

perimencal test. The reliance of the students on practical

(-y "1
Arv @
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tests may have lead to the finding that Anderson's mean
fundamental coefficient of commonality aould not be shown to

be different for the Wait and No-wait groups.

Process of wait-time

Mean, modal, and median measures of central tendency
were calculated for each of the various types of wait-time
for each of the various types of wait-time for each teacher-

P
student gréup. Since the d§stribﬁtion of the wait-time dura-
tions typically evidenced marked skewness to the right, means
for each of the types of wait-times tended to reflect the
it

presence of lérge but occésional‘gurations, The modes for the
wait-time variables tended to not discriminate between the wait-
time values for the various subjects or variables, because of
the large range of values and high dengity near the lower end
of the dictribution. The m2dian 2f the duraﬁion of the wait-
tines was selected to describe the wait-times used due to its
stability, i.e., it is relatively ur 2ffected by extreme values.
The means of the Wait and No-wait groups for the mediaﬂ; of the
various types of wait-~times are displayed‘in Table 6. The
incidence of SIWT, TIWT, and teacher and student‘intefruptions

are shown in Table 7. In general, it was found that the dura-

tions of wait-times in the Wait group were about twice the

“J



TABLE 6 T

Mean durations of wait-time process variables
using th: medians of the wait-time for each
teacher-student group for the Wait and No-wait

grour 3
Wait No-wait
n=9 n=
standard . standard
_mean deviation mean deviation
TRWT-substantive 1.77 sec 1.34 .85 .28
SRWT-after teacher
question 1.19 .51 «60 22
SRWT-Other 1.83 1.29 .96 ) 034
1
TINT 1.33 .44 1.05 .45
SIVT . 3.38 1.76 2.66 1.47
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TABLE 7

Incidence of wait-time process variables
for the Wait and No-wait groups

Wait No-wait .

n=9 n=

median of median of

N incidence range incidence range

TIWT 109 163 95 119
SIWT - 1l 3 3 16
Teacher interruptions . 2 14 9 ' 17
Student interruptions 21 53 33 \ 70




durations of wait-times in the No-wait group. The independent
variable, TRWT, had a mean value of less than one s;cond. TRWT
was broken into the two subcategories of TRWT-substantive and
TRWT-other. Both of these quantities were used to allow
greater insight into the use of TRWT. SkWT_was subdi&ided ints
SRWT-after teacher questions and SRWT-otﬁer. This division was
done to allow easy gompari50n§.wiﬁh other studies of wait-—time,
Although only TRWT w;s manip&iét;d i; zaé‘iﬁQéétigationy
it was suspected that if any of the types of wait-time responded
to a manipulation of TRWT, they might also respond to changes
in the duration of any of the other types of wait-time. It
was suspected that the varisus types of wait-time were not
independent of each other. 1In ordér to accomodate dependence

among the various types of wait-time in compuring the Wait and

1

No-wait groups, and furthermore, exglore the idea that some
types of wait-time are teacher controlled whereas others are
student controlled, a factor analysis of the data was performed.
The data'consisted of seven variables, including:

duration of SRWT-after teacher questions, duration of SRW&-
other, duration of TIWT, duration of SIWT, iqcidence of inter-
ruption; (totai), incidence of TIWT, and incidence of SIWT.

The last three incidence variables were rescaled by dictomizing

each variable about its median. A principal components analysis

i
(darmon 1967) followed by rotation to the usual varimax criteria



(Kaiser 1958) was achichd using a Madison Academic Computing
Center program, Factor2 (see Table 8). |

Two factors were identified. On the first factor the
variables of duration o TJwWT, Jduration of SIWT, incidence of
interruntions, and incidence of TIWT loaded univocaliy. This
factor was ramed "Teacher Controlled sSilence". On the other
factor the variables o dur-tion of SRWT-aft.r tearher questions,
duration of SRWT-other, and incidence of SIWT lozded univucally.
This second factor was caliéd "ct..dcnt Contrclled Silence”.
The estimated factor scores (Thurstone 1935) over each of the
+wo groups, Wait and No-wa't, for each of the two factors
identified were correl:-ted witch TRWT for each group. Table 9
shows the Spearman rank-order correlation coefficients for the
correlations between each «f the two forms o~ TRWT and each 6f
the ;ontrol-of-silence factors for bnt! t-e Weit and No-wait
groups. TRWI-substantive for the No-wait groups was fcund to
be positively correlated with the "T-acher Controlled Silence”
factor with the Spearman rank-ord-r correl-tion coefficient of -
0.68 at a level of significance cof 2.C5. 1t can therefore be
stated that TRWT-substantivn’in the No-wait oroup is directly
related with duration of‘TTUT and, e.so, duration of SIWT.
Fur thermore, TRWTfsubstan:ive isgindirectly ralated to incidence

E 3
of interruptions.

3
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TABLE 9

Spearman rank-order coefficients between
TRWT and control-of-silence factors

"reacher Controlled ngtudent Controlled
silence" factor Silence®™ factor
wait No-wait Wait No-wait
n=9 n=9 n=9 n=9
TRWT substantive . .60 .68% -.10 -.38
i
a”ﬁ ogmﬂ - e ow ,f .ﬁN '.cm .Nm

*p< .05
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The negative sign of the factor loading for the vari-
able of incidence of TIWT suggests that incidence of TIWT is
inversely related to the TRWT-substantive variable. Hnwever,
this is not so. The Wait group showed a 28% greater incidence
0of the variable student initiated statements which was. originally
defined in terms of incidence of TIWT, -Also.-thgfﬁest-oé
di fference between the Wait and No-wait groups on the basis
of the seven product variables, taken simultaneously, showed
the incidence of student ihitiatéd statements (incidence of
TIWT) to be greater in the Wait group as compared to the No-wait
group at a level of significance of 9.05. thg negativecfactor

loading for incidence of TIWT came about as a result of herging

the Wait group with its severly restricted range on the in}idence

~of TIWT variable, with the No-wait group, in which an extended

ranée‘of the variable operated, for factor-analytic purposes.
The merged groups consequently showed a relationship between
incidence of TIWT and TRWT indicative of the non-restricted
range of the No-wait group. Thisg situation does not exist for
any'of the other variables.

The hypothesis suggesting an increased difference, TRWT-
TIWT, for increased TRWT was tested. The difference, TRWT-TIWT,
for the various forms of TRWT was calculated for the Wait and

No-wait groups. (See Table 10). The No-wait group was charac-

‘o3
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TABLE 10

Mean of the difference between
TRWT and TIWT (TRWT-TRWT)

Wait No-wait
n=9 n=
. standard standagd
mean deviation  mean deviation
!
TRWI-substantive , i _
minus TIWT .44 sec .087 -.20. 1.08

;
terized by a negative value of about -O.F seconds while the
Wait group had_a positive value of abcué 0.4 seconds., The
negative value for the No-wait group indicates that entrance -
into the conversation ofteﬁ could not, be accomplished without
interrupting the previous speaker, A difference_in the value
(TRWT-TIWT) across the two groups was found at a level of

significance of 0.05 using the test for differences between

means and a one-sided test criterion,

Implications

There are several implications of this study for science
teacher education. Science teachers can be taught a technique

whereby they can increase the amount cf student-to-student

(‘,H
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interactions in small groups, at least for students typical

of this study. When the teacher is the leader of a small
group, ;tudent~to—st3dent interactions can Se faciiitatec by
the teécher by emplo%inq lonjer TRWTs after student'statements.
Also, by using longer TRWTs a ééacher can bring ahcut an
increase in the frequenéy with which students spontaneously
make verbal contributions to the group.

This study gives evidence indicating that the length
of time a teacher should wéit during a TRWT is determined by
the leagth of time students wait before speaking following a.
previous student statement. If students‘normally'make vgfbal
contributions quickly after a previous student statement, then ,
the teacﬁer can use relatively short TRWTs. However, if students
do not quickly made additional contributions, then the teaéhcr
will have ?o use even longer TRWTs in order to out walt the
students.

Interruptions and wait-time and hence theleffects of
wait-timé are related. Short TRWTs bring about more interrupéions.
Teachers could be trained to notice the number of interruptions
which occur in a small group discussion. The number of inter-
ruptions could then indicate to the teacher the appropriateness
of the wait-times being employed. ,

Teachers are often told to pause after asking a question

before repeating or rephrasing the question. This pause
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supposedly gives the students time to think about the question.
If a teacher is trained to use longer TRWT, then the teacher
will automatically wait lénger after asking a question or
making a comment before speaking again. ;

The identification of two control-of-silence factors
shows that there are some silences in a small group discussion
which can bg controlled by tﬁe te;chéi.: ;eache¥s naiéiéontnél‘
of the silences after student statements and betwéen teacher
statements. Howeéver, the silence after a teacher statement or
question is controlled by the studenfs. It is, therefore, not
practical to tell a teacher to pause before a student_answers
the teacher's question. If such a.p;use is §esir¢d, tﬁen it
is the students who must be trained to pause,

The study shows that by manipulating one element of
silence in a discussion an investigator can bring about ch;rges
in other speech pattern characteristics. An invsstigator can
effectively use the specific wait-timg of TRWT as a relatively
gasily managed independ;nt variable. ’ié fact, TRWT can bg
selectively used only after substaﬁtivé student statements to

‘prcduce effects without introducing an undesirable artificiality

"to the nature of a conversation.

RIS
R



BIBLIOGRAPHY

Anderson, O. R. A comparative analysis of structure in
teacher communicated science content. °‘Journal of
Research in Science Teaching, 1970, 7, 227-244.

Anderson, O, R. Quantitative Analysis of Structure in
Teaching, New York: Teachers College Press, 1971.

Anderson, O. R. Structure in\Weaching: Theory and Analysis.
New York: Teachers Colle Press, 1971, -

Anderson, O, R. A quantitative method to assess content
structure in verbal interaction. Journal of Research
in Science Teaching, 1972, 9, 305-321.

Carter, L., Haythorn, W., Schriver, B., Laazetta, J. The
behaviors of leaders and other group members. In ‘
D. Cartwright and A. Zander (Eds.), Group Dynamics: !
Research and Theory. White Plains, New York: Row,
Peterson, 1953,

Cartwright, D., and Zander, A. (Eds.) Group Dynamics:
Research and Theory. White Plains, New York: Row,
Peterson, 1953,

Chapple, E. D. Quantitative analysis of the interaction
of individuals. Proceedings at the National Academy
of Sciences, 1939, 25, No. 2, 58-67.

Chapple, E. D. Personality differences as described by °
invariant properties of individuals in interaction.
Proceedings of the National Academy of Sciences,
1940, 25, No. 1, 10-16.

Elementary Science Study-Educational Development Center, Inc.,
McGraw~-Hill Book Co., 1967, ~

French, J. R. P., Jr., and Raven, B, Studies in social
power. In D. Cartwright, The Bases for Social Power,
Ann Arbor, Mich.: University of Michigan, 1959.

Garigliano, L. J. Relation cf wait-time to student behavior
in science. Unpublished Ed.D. dissertation, Teachers
College, Columbia University, 1972.

,‘.}“.\
[ XS




Hare, A. P. Handbook of small Group Research. New York:
Free Press, 1962. '

Harman, H. H. Modern Factor Analysis. (Rev. ed.) cChicago:
University of Chicago Press, 1967.

Kaiser, H., F. The varimax criterion for analytic rotation
in-faésor analysis. psychometrika, 1958, 23, 187-200.

Matarazzo, J:\p., saslow, G., and Matarazzo, R. G. The
intefpctipn chronograph as an instrument for objec-
tive measurement of interaction patterns during g
interview. Journal of Psychology, 1956, 41, 347-367.;

Matarazzo, J. D., and Wiens, A. N. The Interview: Research
on Its Anatomy and Structure, Chicago: Aldine-Atherton,
1972, - = : C ;

i
!
|

Moriber, G. Wait«time in college science classes. Scienc:
Education, 1971, 55, 321-328.

Rowe, M. B. Teaching Science as Continuous Inquiry. New
York: McGraw-Hill, 1973. g

Schmuck, R. A., and Schmuck, P. A. Group Processes in the
Cclassroom, Dubuque, Iowa: Wm. C. Brown, 1971.

-

Tauson, V. B., Guze, S. B., McClure, J., and Begue€lin, J. A.
A further study of some features of the interview with
the interaction chronograph. American Journal of
pPsychiatry, 1961, 118, 438-446.

Thurstone, L. L. The Vectors of Mind, Chicago: University
of Chicago Press, 1935.

Wiens, A. N., Molde, D. A., Holman, D. C., and Matarazzo,
J. D. Can interview interaction measures be taken
from tape recordings? The Journal of psychology,
1966, 63, 249-260. ’

Willower, D. J., Eidell, T. L. and Hoy, W. K., The School
and Pupil Ideology, The Pennsylvania State Univereity
studies, No. 24. University Park, Pa.: Pennsylvaaia
state University, 1973.

!

1

1



